Abstract. The digestibility and nitrogen balance tests were performed both with cows on purified protein-free feed (0-feed) with urea as the sole source of nitrogen, and with cows on a urea-rich, low-protein diet (ULP-feed). In addition to ordinary low-protein fodders, ULP-feed contained also as the source of energy so-called hemicellulose and 0-fibre, which are waste products of the cellulose industry.
Introduction
The feeding of urea to dairy cows has been studied at the Biochemical Research Institute under the direction of Professor A. I. Virtanen. In 1961 he started experiments with purified protein-free feed, using starch (50-55 %), cellulose (25-30 %) and sugar (17-23 %) as the sources of energy, and urea and ammonium salts as the sources of nitrogen. This feeding is called 0-feed and the cows fed in this way are called 0-cows (Virtanen 1962 (Virtanen , 1963 ).
In 1966 Virtanen started feeding experiments of a practical nature. In addition to the protein in this feed, urea was given to the cows in amounts providing true protein levels of about 20, 40 and 50 % of the digestible crude protein (ULP-feed and ULP-cows). Besides ordinary feed components, waste products of the cellulose industry were used as energy feed: hemicellulose separated from wood and degraded into sugars to a great extent, and socalled 0-fibre, shortfibred cellulose waste in the wash water. The proportion of these residues in the feed consumed was 15-20 % (Virtanen 1967) .
Nitrogen balance and digestibility tests were peiformed with both groups in order to elucidate how much urea and other feed the cows had to be given at each production stage to satisfy their protein and energy requirements. In the present report the digestibility and nitrogen balance tests perfoimed during these long-term, two-generation feeding experiments are described.
Methods
Experiments were performed on both 0-and ULP-feeds. The feeding and production of the cows has been described earlier in several papers (Virtanen 1966 (Virtanen , 1967 Ettala and Kreula 1976) .
The amounts of faeces were measured by using chromium oxide as an indicator or by quantitative collection. In order to determine the nitrogen balance the faeces and urine were either collected together, in which case the amount of the faeces was determined by means of chromium oxide, or separately. The test cow was fed 10 g Cr 2 0 3 /day during a period of ten days before the particular test period which lasted for 7-12 days. For the collection of the urine a »Urinal» harness (VEB Leipziger Gummiwarenfabriken) was used.
The content of Cr 2 0 3 was determined on the faeces according to Andersen (1934) . Nitrogen was determined on the feed, faeces, urine and milk by the Kjeldahl method, using KMn0 4 (Beet 1955). Dry matter (105°C, 24 h) and ash were determined on the feed, faeces and milk. Crude fibre was determined on the feed and faeces by the acid-base method applied by Hirsjärvi et ai. (1951) .
Digestibility and nitrogen balance tests on 0-feed Digestibility tests were performed with all the 0-cows, and more than once with some of the cows (Table 1 ). The composition of the feed and the daily amounts of organic matter, urea and nitrogen are also seen in Table 1 . The compositions did not differ very much from one another, because only pellets, cellulose-rich paste and cellulose strips were included in the feed (Virtanen 1964 (Virtanen , 1966 . The proportions of the above three feed components were changed according to the taste preference of each cow. The cows were allowed to drink water ad libitum, but its consumption was measured.
Results and discussion
The results of the digestibility tests are seen in Table 2 . The digestibility percentage of urea nitrogen was on the average 67.0 ± 5.2. In 1963 In -1964 in the first digestibility tests the average digestibility percentage of nitrogen was only 61.8. This may have been due to the fact that the feed then contained less urea than later. At first the amount of nitrogen per kg organic matter was 18-20 g, out it was raised later to 22 -3l g. The nitrogen content of the feed seems to have had the same effect as in the experiments of Raleigh et al. (1963) , who found that with bull calves the digestibility of nitrogen increased considerably when the nitrogen content of the feed was raised.
The digestibility percentage of dry matter was on the average 73. It is obvious that there were differences between individual cows as regards the capacity to digest the feed. Schiemann et al. (1974) found highly significant between-cow differences in this respect. Various taste preferences have also caused such differences between individual cows. In test cow Aino, which preferred cellulose-rich feed, the digestibility percentages were considerably lower than in the other cows, that is the digestibility of dry matter, organic matter and nitrogen as well. Some of the cows were so much disturbed by the arrangements for the test that they did not consume all the feed. The result was in many cases a decrease in the digestibility of the feed.
The results of the nitrogen balance test are given in Table 3 . In all the tests the nitrogen balance was positive and high. This means that the cows on urea feed received nitrogen in amounts corresponding to the requirement for production or even more, in which case their weight rose. Table 4 gives the amounts of ash in the feed and in the faeces. In some cases also the ash contents in the milk and urine were determined. The amount of ash in the faeces was on the average 50 %of that of the feed.
Digestibility tests on ULP-feed
The feed of the ULP-cows contained dried sugar beet pulp, potatoes, oats, dried hemicellulose syrup, 0-fibre, a little straw, fat soluble vitamins and urea to make good the deficiency in protein (Virtanen 1967 (Virtanen , 1972 Ettala and Kreula 1976) . To satisfy the mineral requirement the ULP-cows received the same mineral mixture as the 0-cows in addition to the minerals of the feed (Virtanen 1966).
As the ULP-cows were fed hemicellulose and 0-fibre, the digestibility of which was unknown to us, a series of tests was arranged to begin with, in which the digestibility of the sugar beet pulp was first determined. Based on the values obtained the digestibility of hemicellulose and various 0-fibres was then determined (Table 5 ). In addition, digestibility tests were performed with three cows 11 months, 3, 4 and 8 years after the start of the experimerits, while they were being fed their usual test feed (Table 6 ). The cows' digestibility percentages differed from one another, as did those of cow Lila in various tests. This may be due to differences in the choice of feed. The later tests with Lila gave considerably higher values than the first test, when the feed contained relatively large amounts of 0-fibre 1, the digestibility of which was only 50 % (Table 7) . The digestibility of nitrogen on ULP-feed seemed to vary between, 65 and 75 %. The digestibility percentage of urea nitrogen was 70-86, while the digestibility of the other feed protein was calculated from tabulated figures. 
